Abstract: Electrophilic substitution reaction of indoles with different aldehydes was carried out using selectfluor™ as a catalyst which was resulted in the formation of bis (indolyl) methanes in good to excellent yields (72-96%). The desired products were obtained by both conventional heating and microwave irradiation under solvent-free conditions.
Introduction
Indole and its myriad derivatives have captured the attention of synthetic organic chemists and the investigation of these derivatives continues because of their significant contributions as therapeutic agents (l-2) . During the past few years a large number of natural products containing bis(indolyl)methanes (3) , bis(indolyl)ethanes (4) have been isolated from marine sources and some of these exhibited interesting biological properties. Therefore, such molecules have been very interesting targets for synthetic organic chemists. Several methods have been reported for the synthesis of bis(indolyl)methanes such as the reaction of indole with aromatic or aliphatic aldehydes and ketones resulting in the formation of azafulvenium salts, which further undergo addition of second molecule of indole to afford bis(indolyl)methanes (5) .
In addition protic acids as well as Lewis acids are known to promote these reactions (6) (7) (8) . Several catalysts such as lanthanide triflates(9a), sulfamic acid(9b), In(OTf>3(9c), I2(9d), CeCl 3 .7H 2 O.NaI-SiO 2 (9e), HY-Zeolite(9f), amberlyte(9g) and ionic liquids(9h) are also found to catalyze these reactions. However, these catalysts still need activation before use. New promoters with low toxicity, moisture and air tolerance, and low cost continue to merit exploration. reagent for the p-methoxybenzylidene (PMP), tetrahydropyranyl (THP) and dithiane groups due to its Lewis acidity (10). It also fluorinates a variety of electron-rich carbon centers with high yields(l 1). However, there are no reports on the use of selectfour™ as a catalyst for the one-pot synthesis of bis(indolyl)methanes. Herein, we report the use of selectfour™ as an efficient catalyst for the preparation bis(indolyl)methanes by electrophilic substitution of indole with aldehydes in solution as well as microwave irradiation.
Results and Discussion
Initially, we studied the reaction of indole (entry 1, la) with 4-(methylthio) benzaldehyde 2a in the presence of selectfluor™ (5 mol %) in acetonitrile at ambient temperature, the 90% conversion of bis(indolyl)methanes 3a was observed in 3 hrs (scheme-1). Encouraged by these results, we examined various aldehydes and indoles (R=H, Ph) under optimized conditions ( Table 1 ). The above reaction was carried out in different solvents like tetrahydrofuran, toluene, methylene chloride and methanol which yielded 62%, 70%, 68% and 72 % respectively. Among the different solvents investigated acetonitrile was found to be the best in terms of yield (92%) and quality. Furthermore, the use of 5 mol% of selectfluor™ is enough to promote the reaction. There are no improvements in reaction rates and yields by increasing the amount of catalyst from 5 mol%to 10mol%.
Moreover, application of microwave irradiation has opened a new prospective in synthetic organic chemistry, not only in terms of high yields and selectivity, but also ease of the reaction conditions and rate of acceleration (12) . Hence, microwaves have been applied to accelerate reaction rate for a wide variety of chemical transformations and also to improve the yields in most cases. Along this line it was observed that, when a mixture of 2-phenyl indole 1 and 4-(methylthio)benzaldehyde 2e was irradiated in a microwave (600 W) in the presence of selectfluor™ (5 mol %), the reaction went to completion within 6 min with an excellent yield (96 %). The same reaction was extended to indole and 2-phenyl indole 1 with different aromatic aldehydes 2a-m in the presence of selectfluor™ (5 mol %) under microwave irradiation conditions to afford corresponding bis(indolyl) methanes 3a-m. All the reactions were completed in a short time (5-10 min) with excellent yields and these results are summarized in Table 1 .
To summarize, the reactions between substituted indoles and various aromatic aldehydes in the presence of selectfluor™ as catalyst were carried out under microwave irradiation as well as conventional reflux conditions. The reaction rates and the product yields under both the conditions were compared and it was found that the reaction rates and yields were dramatically enhanced by microwave irradiation. All the products were characterized by MR, IR, *H NMR, I3 C NMR and mass spectral data and were also compared with authentic samples. 
Conclusions
In summary, the paper describes a facile synthesis of bis (indolyl) methanes using selectfluor under conventional as well as microwave irradiation. The microwave Vol. 15. No. 2. 2009 A facile and efficient method for the synthesis of Bis(indoly)methanes catalyzed by selectflitor irradiation method offers several advantages including high yields of products very short reaction times , inexpensive catalyst and ease isolation of products , which makes the reaction process convenient more economic and environmental benign.
Experimental
Microwave irradiation was carried out in (SANYO EM-350S model). The infrared spectra were recorded on a Nicolet impact -410 FTIR spectrometer using KBr pellet technique. The NMR spectra were recorded on a Varian 300 MHz spectrometer with TMS as an inernal standard and chemical shifts are reported in ppm, where as electron impact mass spectra (EIMS) were recorded on a MI Ver.14 on UIC 002002 EI-70 eV spectrometer and elemental analysis carried out in Heraeus CHN rapid analyzer. Finally melting points were determined by the open capillary method and are uncorrected.
General Procedure:
Conventional method (method A): A mixture of indole (2 mol), aldehyde (1 mol) and selectflour™ (5 mol %) was refluxed in acetonitrile (15ml) for an appropriate time as mentioned in the table 1. The progress of the reaction was monitored by TLC and at the completion, the solvent was removed in vacuo to yield the crude product, the obtained solid was washed with water and it was further purified by flash column chromatography , on silica gel eluting with EtOAc/ Hexanes: 2/8 to obtain the desired product in the pure form.
Microwave irradiation method (method B):
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